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Abstract 

We give a brief review of our previous works: [1, 2]. We discuss two sets of issues. The first has to 



I do with the possibility of getting a non-supersymmetric dS minimum without the addition of Z33-branes 



as in KKLT, and axionic slow-roll inflation, in type II flux compactifications. The second has to do with 
(jj) 'I the "Inverse Problem" [3] and "Fake Superpotentials" [4] for extremal (non)supersymmetric black holes 

• in type II compactifications. We use (orientifold of) a "Swiss Cheese" Calabi-Yau [5] expressed as a 

I degree-18 hypersurface in WCP''[1, 1, 1, 6, 9] in the "large-volume-scenario" limit [6] for the former. 



1 Introduction 

Flux compactifications have been extensively studied from the point of view of moduli stabilization (See [7] 
1^ [ and references therein). Though, generically only the complex structure moduli get stabilized by turning on 
i ' fluxes and one needs to consider non-perturbative moduli stabilization for the Kahler moduli[8]. Another 
extremely important issue related to moduli stabilization is the problem of getting a non-supersymmetric de 
Sitter vacuum in string theory. The KKLT scenario which even though does precisely that, has the problem 
' of addition of an uplift term to the the potential, corresponding to addition of L>3-branes, that can not be 
. cast into an AA = 1 SUGRA formalism. It would be interesting to be able to get a de Sitter vacuum without 
the addition of such L>3-branes. The Large Volume Scenarios' study initiated in [6] provides a hope for the 
same. Further, there is a close connection between flux vacua and black-hole attractors. It has been shown 
■ that extremal black holes exhibit an interesting phenomenon - the attractor mechanism [9]- [16]. In the same, 
^0 the moduli are "attracted" to some fixed values determined by the charges of the black hole, independent 
of the asymptotic values of the moduli. Supersymmetric black holes at the attractor point, correspond to 
minimizing the central charge and the effective black hole potential, whereas nonsupersymmetric attractors 
^ [17], at the attractor point, correspond to minimizing only the potential and not the central charge. The 
^ ' latter have recently been (re)discussed [18]-[24] in the literature. 

In [1], we addressed the issues of the previous paragraph by exploring different perturbative and non- 
perturbative (in a' and instanton contributions) aspects of (non)supersymmetric flux vacua and black holes 
in the context of type II compactifications on (orientifold) of compact Calabi-Yau's of a projective variety 
with multiple singular conifold loci in their moduli space. The compact Calabi-Yau we work with is of the 
"Swiss cheese" type. 

The embedding of inflation in string theory has been a field of recent interest because of several attempts 
to construct inflationary models in the context of string theory to reproduce CMB and WMAP observations 
[25, 27, 29]. These Inflationary models are also supposed to be good candidates for "testing" string theory 
[25]. Initially, the idea of inflation was introduced to explain some cosmological problems like horizon 
problem, homogeneity problem, monopole problem etc. [30, 32, 33]. Some "slow roll" conditions were defined 
(with "e" and parameters) as sufficient conditions for inflation to take place for a given potential. 
In string theory it was a big puzzle to construct inflationary models due to the problem of stability of 
compactification of internal manifold, which is required for getting a potential which could drive the inflation 
and it was possible to rethink about the same only after the volume modulus (as well as complex structure 
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and axion-dilaton) could be stabilized by introducing non-perturbative effects (resulting in a meta-stable 
dS also) [8]. Subsequently, several models have been constructed with different approaches such as "brane 
inflation" (for example D3/D3 branes in a warped geometry, with the brane separation as the inflaton field, 
D3/D7 brane inflation model [29, 34], [35]- [39]) and "modular inflation" [40, 41, 42], but ah these models 
were having the so called rj- problem which was argued to be solved by fine tuning some parameters of 
these models. The models with multi scalar fields (inflatons) have also been proposed to solve the r] problem 
[43] -[45]. Meanwhile in the context of type IIB string compactifications, the idea of "racetrack inflation" was 
proposed by adding an extra exponential term with the same Kahler modulus but with a different weight in 
the expression for the superpotential ([46]). This was followed by "Inflating in a better racetrack" proposed 
by Pillado et al [47] considering two Kahler moduli in superpotential; it was also suggested that inflation 
may be easier to achieve if one considers more (than one) Kahler moduli. The potential needs to have a 
flat direction which provides a direction for the inflaton to inflate. For the multi-Kahler moduli, the idea 
of treating the "smaller" Kahler modulus as inflaton field was also proposed [42, 48]. Recently, "axionic 
inflation" in the context of type IIB compactifications shown by Grimm and Kallosh et al [49, 50], seems to 
be of great interest for stringy inflationary scenarios [50] . In [1] , we had shown the possibility of getting a dS 
vacuum without the addition of I?3-branes as in KKLT scenarios [8], in type IIB "Swiss Cheese" Calabi-Yau 
(See [5]) oricntifold compactifications in the large volume limit. In [2], developing further on this idea, we 
proposed the possibility of axionic inflation in the same model. 

This review is planned as follows. In section 2, we show that by the inclusion of non-perturbative 
a'-corrections to the Kahler potential that survive orientifolding and instanton contributions to the super- 
potential, one can, analogous to [6], get a large- volume non-supersymmetric dS vacuum without the addition 
of D3-branes. We also include a discussion on one-loop and two-loop corrections to the Kahler potential. 
Further, we discuss the possibility of getting axionic inflation with the NS-NS axions providing the flat 
direction for slow roll inflation to proceed starting from a saddle point and proceeding towards the nearest 
dS minimum and show that it is possible to get the number of e-foldings to be 60. In section 3, we explicitly 
solve the "inverse problem" using the techniques of [3] and using the techniques of [4] , we show the existence 
of multiple superpotentials (including therefore "fake superpotentials"). Section 4 has the conclusions. 

2 Non-supersymmetric dS minimum via Non-perturbative a'- and In- 
stanton Corrections 

In this section, using the results of [49], we show that after inclusion of non-perturbative cc'-corrections to 
the Kahler potential, in addition to the perturbative a' corrections of [52], as well as the non-perturbative in- 
stanton contributions to the superpotential, it may be possible to obtain a large volume non-supersymmetric 
dS minimum (analogous to [6] for the non-supersymmetric AdS minimum) without the addition of D3-branes 
- see also [53]. 

Let us begin with a summary of the inclusion of perturbative a'-corrections to the Kahler potential in 
type IIB string theory compactified on Calabi-Yau three-folds with NS-NS and RR fluxes turned on, as 
discussed in [52]. The {a')^— corrections contributing to the Kahler moduli space metric are contained in 

/ d'\^e-"f (i^ + {d^f + {a f^-§^ + (aO='(vV)Q) , (1) 

where the 0{R'^) Jq and 0{E?) Q arc defined in [52]. The perturbative world-sheet corrections to the 
hypermultiplet moduli space of Calabi-Yau three-fold compactifications of type II theories are captured by 
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the prepotential: 

1 Y^<^ 

F{X) = \^a,c^^^ + [X'n, (2) 

where the (a')^-corrections are contained in ^ = — (a')^^^^^^|^^^, Kabc being the classical CYz intersection 
numbers. Substituting (2) in if = —In [X'^Fi + X'Fj] gives: 



K = -In 



(3) 



Truncation oi N = 2 to M = 1, implying reduction of the quaternionic geometry to Kahler geometry, 

corresponds to a Kahlcr metric which becomes manifest in Kahler coordinates: = ^g"' +iV°' ,t = l+ie~'^°, 

the hat denoting the Einstein's frame in which, e.g., Va = (^^Kabcv''v'^^ , v"' being the Kahler moduli, and 
the Kahler potential is given by: 

K = -ln{-{T-f))-2ln(v + ^^e^^-ln(^-iJ nAOj, (4) 

substituting which into the A/" = 1 potential V = (^g^^DiWDjW — 3|PFp^ (one sums over all the moduli), 
one gets: 



(G-^rf^DaWDoW + (G-^y^DrWDfW - :^(WDfW + WDrW) 



(C-V)(e + 2V)2 



(5) 



the hats being indicative of the Einstein frame - in our subsequent discussion, we will drop the hats for 
notational convenience. The structure of the ct'-corrccted potential shows that the no-scale structure is no 
longer preserved due to explicit dependence of on V and the \W\'^ term is not cancelled. In what follows, 
we will be setting 27ra' = 1. 

The type IIB Calabi-Yau orientifolds containing 03/07-planes considered involve modding out by 
(— )^^J7o" where = 1 supersymmetry requires o" to be a holomorphic and isometric involution: a* (J) = 
J, a*{rt) = — ft. Writing the complexified Kahler form —B2+iJ = t^uj = — 6"u;a+M;"a;„ where {uja, cJq) form 
canonical bases for {H^{CY^, Z), H\{CY^, Z)), the ± subscript indicative of being odd under a, one sees that 
in the large volume limit of CY^/a, contributions from large = are exponentially suppressed, however 
the contributions from t"" = —Ba are not. Note that it is understood that a indexes the real subspace of 
real dimensionality hh^ = 2; the complexified Kahler moduli correspond to H^'^{CY'^) with complex 
dimensionality h}'^ = 2 or equivalently real dimensionality equal to 4. So, even though G"" = c"" — rb^ (for 
real c" and 6" and complex r) is complex, the number of G"'s is indexed by a which runs over the real 
subspace h]l^{CYs)^ As shown in [49], based on the i?^-correction to the D = 10 type IIB supergravity 
action [54] and the modular completion oi N = 2 quaternionic geometry by summation over all SL(2, Z) 



■'To make the idea more explicit, the involution a under which the NS-NS two-form B2 and the RR two-form C2 are odd can 
be implemented as follows. Let Zi, Zi,i = 1, 2, 3 be the complex coordinates and the action of a be defined as: zi ^ Z2, Z3 — > 2:3; 

in terms of the Xi figuring in the defining hypersurface in equation (1) on page 2, one could take 2:1,2 = etc. in the 7^ 
coordinate patch. One can construct the following bases w'*' of real two-forms of even/odd under the involution cr: 

o''-"^ = {'^^{dz^ A dz^ — dz' A d'i'),i(dz^ A d^ — dz' A da^)} = {(.<jj"',a;2 •'}> 
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images of world sheet corrections as discussed in [55], the non-perturbative large- volume a'-corrections that 
survive the process of orientifolding of type IIB theories (to yield A/" = 1) to the Kahler potential is given 
by (in the Einstein's frame): 



K = -In (-i(T - f )) -ln(^-ij Oj 



-2 In 



m,nez2/(o,o) (2i)2|m + nTP 



-4 2^ 2^ \ ^ cos I {n + mT)ka^^ — ^ - mkaG" 

f3eH^ iCY3,Z) m,neZ2/(0,0) (^0 ^ \^ + '^'^P V " ~ " 



r — r 



+ / (t-t) \ + / (t-t) \ ' \°) 



V (^E(m,n)6Z2/(0,0) |m+nr|2 j "1^ (^E(m,n)eZ2/(0,0) |m-hnr|2 J 



where are the genus-0 Gopakumar-Vafa invariants for the curve ^ and ka = JpOOa, and = c" — r6", 
the real RR two-form potential C2 = Caw" and the real NS-NS two-form potential B2 = BaCo"'. In (8), 
the first line and —2 ln{V) are the tree- level contributions, the second (excluding the volume factor in the 
argument of the logarithm) and third lines are the perturbative and non-perturbative a' corrections - {n^} 
are the genus-zero Gopakumar-Vafa invariants that count the number of genus-zero rational curves - the 
fourth line is the 1-loop contribution; Tg is the volume of the "small" divisor and ti, is the volume of the "big" 
divisor. The loop-contributions arise from KK modes corresponding to closed string or 1-loop open-string 
exchange between D3- and D7-(or 07-planes)branes wrapped around the "s" and "b" divisors - note that 
the two divisors for WCP^[1, 1, 1, 6, 9], do not intersect (See [56]) implying that there is no contribution 
from winding modes corresponding to strings winding non-contractible 1-cycles in the intersection locus 
corresponding to stacks of intersecting D7-branes wrapped around the "s" and "b" divisors. One sees 
from (8) that in the LVS limit, loop corrections are sub-dominant as compared to the perturbative and 
non-perturbative a' corrections. 

As pointed out in [49], in (8), one should probably sum over the orbits of the discrete subgroup to 
which the symmetry group SL{2, Z) reduces. Its more natural to write out the Kahler potential and 
the superpotential in terms of the Af = I coordinates r, and where = ^e~'^° Kap^v^v'^ — (pa — 
b^)-2(T^^aahG'^{G^-G''), where Pa being defined via C4(the RR four-form potential) — paCoa-> € 
H^iCY^, Z). Based on the action for the Euclidean £)3-brane world volume (denoted by S4) action 
zTds /j]^ e~'^\/ g — B2 + F -|-Td3 /^^ e*^Ae^^2+^^ ^l^e nonperturbative superpotential coming from a Z?3-brane 
wrapping a divisor S G H^{CY^/a, Z) such that the unit arithmetic genus condition of Witten [57] is satisfied, 
will be proportional to (See [49]) 4 ^"'(-^2+*J)^-*^(C4-C2AB2+|CoBi ^ ^^t^ J^^. ^ ^in^T^^ ^^^^^ ^^^^,4 



= {^i{dz^ A df + dz"^ Adz^),^idz^ Adz^} = {uj[+\uji+^}. (6) 

This implies that /i^^(CY3) = h]^^{CY3) = 2 - the two add up to give 4 which is the real dimensionality of H^{CY3) for the 
given Swiss Cheese Calabi-Yau. As an example, let us write down B2 € R as 

B2 = Bi2dz^ A dz"^ + B2idz^ A dz'^ + B.,,idz^ A dz^ + B^idz^ A dz^ + B32dz^ A dz'^ + B^^dz^ A dz^ 

A dz^ + B22dz^ A dz^ + B^^dz^ A dz^ . (7) 

Now, using (6), one sees that by assuming B^2 = B23 = -B31 = b^, and Bn = — -B22 = *&^>-B33 = 0, one can write B2 = 
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are the RR potentials. Based on appropriate transformation properties of the superpotential under the shift 
symmetry and the subgroup Ts C SL{2,Z), the non-perturbative instanton-corrected superpotential was 
shown in [49] to be: 

6>n" (r , G) jn"Tc 



W=f GsAn + Y^^-Ip^e^-"^^, (9) 



where the holomorphic Jacobi theta function is given as 6n<^ 
—i^a'abi Oi = a' corresponding to that = T^/ (for simplicity). 

Now, for the "Swiss cheese" Calabi-Yau three-fold obtained as a resolution of the degree-18 hypersurface 
in WCP^[1,1,1,6,9]: 

5 

xf + xf + xf + xl + xl- ISV' n ~ ^<l)x\xlxl = 0. (10) 

1=1 

Similar to the explanation given in [58], it is understood that only two complex strTictmc moduli '0 and (j) 
are retained in (10) which are invariant under the group G of footnote 3 of [1], setting the other invariant 
complex structure moduli appearing at a higher order (due to invariance under G) at their values at the 
origin. As shown in [59], there are two divisors which when uplifted to an elliptically-fibered Calabi-Yau, 
have a unit arithmetic genus ([57]): ri = St^V = y, T2 = dt^V = i*li^*2L 
As shown in [1], one gets the following potential: 



V"^+2 V /(r?(r)) y ' 

_3± 2 



V3 ykf J Y.c'T,m\n'ezy{o,o)e ''^\n + mT\^\An',rn\n^^,ir)\'^cos{n'k.b + m'k.c) 

(11) 

On comparing (11) with the analysis of [6], one sees that for generic values of the moduli pa,G'^,k^''^ 
and 0{1) Wc.s.i and = 1, analogous to [6], the second term dominates; the third term is a new term. 
However, as in KKLT scenarios (See [8]), Wc.s. « 1; we would henceforth assume that the fluxes and 
complex structure moduli have been so fine tuned/fixed that W ^ Wn.p.- Further, from studies related to 
study of axionic slow roll inflation in Swiss Cheese models [1], it becomes necessary to take > 2. We 
assume that the fundamental-domain-valued 6"'s satisfy: - — - « 1 . This implies that the first term in 
(11) - |9piVF„pp - a positive definite term and denoted henceforth by V/, is the most dominant. Hence, if a 



■'The term "Swiss choose" (See [5]) is used to denote those Calabi-Yau's whose volume can be written as: V = (r^ + 
Ei^B — (Ej^^s ^i"""/) where is the volume of the big divisor and rf are the volumes of the h^'^—l (corresponding 

to the {l,h^'^ — l)-signature of the Hessian) small divisors. The big divisor governs the size of the Swiss cheese and the small 
divisors control the size of the holes of the same Swiss cheese. 

^If one puts in appropriate powers of the Planck mass Mp, << 1 is equivalent to << Mp, i.e., NS-NS axions are 
super sub-Planckian. 



5 



minimum exists, it will be positive. To evaluate the extremum of the potential, one sees that: 



dc<^Vi 

-4 ^ ■ , ^ > rCa y mk°- smink.h + mk.c)— ^ — 

^%e^,-^y3.z) 'm,n.^im (2z)i|m + nr|3 |/(,(r))P 

•i^ nk.b + mfc.c = Nw; 

Vv/nVe 2g3^ 93 ^ X^^aC 293^ 93 ^ 293 /n^m" ri^Kiab^ \ 



Now, given the 0{1) triple-intersection numbers and super sub-Planckian NS-NS axions, we see that poten- 
tial Vi gets automatically cxtrcmized for Dl-instanton numbers >> 1. Note that if the NS-NS axions 
get stabilized as per ^^^^ + " '^^^'''^ = 0, satisfying db'^V = 0, this would imply that the NS-NS axions get 
stabilized at a rational number, and in particular, a value which is not a rational multiple of tt, the same 
being in conflict with the requirement nk.b + mk.c = Nir. It turns out that the locus nk.b + mk.c = Nir for 
1 6" I << TT and |c"| << tt corresponds to a flat saddle point with the NS-NS axions providing a flat direction 
- See [2]. 

Analogous to [6], for all directions in the moduli space with 0{1) Wc.s. and away from DiWcs = Dt-W = 
= dcc^V = dbaV = 0, the O(^) contribution of J2aMc.s.iG~^T^ DaWcsD^Wcs dominates over (11), 
ensuring that that there must exist a minimum, and given the positive definiteness of the potential Vj, 
this will be a dS minimum. There has been no need to add any Z)3-branes as in KKLT to generate a dS 
vacuum. Also, interestingly, one can show that the condition nk.b + mk.c = Ntt gurantees that the slow roll 
parameters "e" and "r/" are much smaller than one for slow roll inflation beginning from the saddle point 
and proceeding along an NS-NS axionic flat direction towards the nearest dS minimum (See [2]). 

We now discuss the possibility of getting slow roll inflation along a flat direction provided by the NS-NS 
axions starting from a saddle point and proceeding to the nearest dS minimum. In what follows, we will 
assume that the volume moduli for the small and big divisors and the axion-dilaton modulus have been 
stabilized. All calculations henceforth will be in the axionic sector - da will imply doa in the following. We 
need now to evaluate the slow-roll inflation parameters (in Mp = 1 units) e = ^-^^r^, V = the most 

negative eigenvalue of the matrix N^j = — y — ^ 

The first derivative of the potential is given by: 

(13) 

The most dominant terms in (13) of 0{t^^^y) that potentially violate the requirement "e << 1" are of 



the type: (a) e.g. {daG'^'''^''){dbWnp)dcWnp, is proportional to daCos{nk.b + mk.c), which near the locus 
nk.b + mk.c = Ntt, vanishes; (b) e.g. e^Q^'^'dadbWnpdcWnp: the contribution to e will be v ^ ^ / 0^2 • We 

2a ... (n«)2 



will choose V to be such that V ~ e (See [60]), implying that e ~ ^ / o\2 • Now, it turns out that using 

the Castclnuovo's theory of moduli spaces that arc fibrations of Jacobian of curves over the moduli space 
of their deformations, the genus-0 Gopakumar-Vafa integer invariants n^'s for compact Calabi-Yau's of a 



projective variety in weighted complex projective spaces for appropriate degree of the holomorphic curve, 
can be as large as 10^° and even higher [61] thereby guaranteeing that the said contribution to e respects 
the slow roll inflation requirement. One can hence show from (13) that near the locus nk.b + mk.c = Ntt, 
e « 1 is always satisfied. 

To evaluate N"j^ and the Hessian, one needs to evaluate the second derivatives of the potential and 
components of the affine connection. In this regard, one needs to evaluate, e.g.: 



BadaV = {d^daK)V + daKd^V + e 



K 



+BjgP'P'da (dp^WnpBp^Wnp) + Q'^'^daB-^ {pp^^npBp^W, 



np) 



(14) 



One can show that near the locus nk.b+mk.c = Ntt, the most dominant term (and hence the most dominant 



contribution to rj) in (14) comes from Qf^f^ BbBp^WnpBcBp^Wnp, proportional to: N'i 3 ^"/'^0\2 ■ Having 

chosen V to be such that V ^ ess , one gets rj ^ ^ '^1-0-12 • The large values of the genus-0 Gopakumar- 



Vafa invariants again nullifies this contribution to rj. 

Now, the affine connection components, in the LVS limit, are given by: F^^ = Q"''^BbQ^^ 



+ 



(^) d,'^ 



Xi = 0(V°), implying that A^^^ 3 



V 



,neZ2/(0,0) 



3 

"~3 



(2i)^ |m.+n-r|3 



-sin{nk.b+mk.c)e ss 



-. We 



thus see that in the LVS limit and because of the large genus-0 Gopakumar- Vafa invariants, this contribution 
is nullified - note that near the locus nk.b + mk.c = Ntt, the contribution is further damped. Thus the "77 
problem" of [29] is solved. 

One can show that near nk.b + mk.c = Ntt and b"- ^ —— assuming that ^1^^ € Z, a direction 

in the NS-NS axionic space provides a nearly flat unstable direction for slow-roll inflation to commence. 



The basis of axionic fields that would diagonalize the kinetic energy terms is given by: 
/ 



fei (62 fci-foi ^2)^^1+1^ 



fca^i (fe' {l+{-l+A'^) g1+Vs) ki+A'^ g1 k2+b^ {I-qI+Vs) k2-iAgl (c^ fci+c2fc2)) 

4V2V5(fcl2+fc22) 

fc2 Hi (6^ (-1-(-1+A2) qI+Vs) k-i-A^ gl fcz+b^ (-l+gg+y^) fc2+4 Agg (c^ fci+c2fc2)) 

AV2%/s{ki^+k2'^) 



(15) 



where J7i = 



" (-l-(l+14A2+A4)g|+V5+(-l+A2)gg (-2+V5)) (fci^+fca^) 

limit, there are two NS-NS axionic basis fields in terms of which the axionic kinetic terms are diagonal 

^ ^'"^r'^'^, and 



This tells us that in the 5^ << 1 
ionic kinetic terms are diagonal - 
— ^ , ^ — , — , — , — {b^ki + b'^k2). By solving for b^ and b"^ in terms of B^ and B"^, 

^fefTfef 2gsyj2k^,{kl+kly i J 6 

and plugging into the mass term, one finds that the mass term for i?^ and not B^, becomes proportional 
to gg{B^)^ - given that the inflaton must be lighter than its non-inflatonic partner, one concludes that 
{b^ki + b^k2) must be identified with the inflaton. We need to consider a situation wherein 



2g,^2fc2(fc2+fe2) 



one can not completely disregard ^ as compared to unity - this ratio could be smaller than unity but not 
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negligible. This is because the eigenvalues and hence the eigenvectors of the Hessian arc more sensitive to 

this ratio than the term \X\ that one gets by assuming « 1 - in the latter case, one can show that one 
can not get a nearly fiat unstable direction for slow roll to proceed. 

To evaluate the number of e-foldings Ng, defining the infiaton X ~ b'^k2 + b^ki, one can show that (in 
Mp = l units) 

/■fin: dS Minimum I JY^P^hJj^ 
Ne = — —^dl ~ — y= 

Jim Saddle Point n^VV 

For appropriately high degree of the genus-0 holomorphic curve (usually 5 or more - See [61]), one could 
choose n^'s in such a way that ~ GOn'^VV. This would yield the required 60 e-foldings. 

3 (Non-)Supersymmetric Black Hole Attractors 

We now switch gears and address two issues in the two subsections of this section, related to supersymmetric 
and non-supersymmetric black hole attractors. These are the "inverse problem" and the existence of "fake 
superpotentials" . 

3.1 The "Inverse Problem" for Extremal Black Holes 

In this subsection, using the techniques discussed in [3], we explicitly solve the "inverse problem" for extremal 
black holes in type II compactifications on (the mirror of) (10) - given a point in the moduli space, to find the 
charges {p^,qi) that would satisfy diVsH = 0, Vbh being the black-hole potential. In the next subsection, 
we address the issue of existence of "fake superpotentials" in the same context. 

We will now summarize the "inverse problem" as discussed in [3]. Consider D = A,N = 2 supergravity 
coupled to ny vector multiplets in the absence of higher derivative terms. The black-hole potential can be 
written as [17]: 

Vbh = -\{qi - MiKp"") {{ImN)-^)''^ {qj ~ AAp^), (16) 

where the (ny -|- 1) x (ny -|- 1) symmetric complex matrix, A//,/, the vector multiplet moduli space metric, 
is defined as: 7V/j = Fjj + ^^-^M-^J^)^ ^M-^ii.)^ ^ X\Fj being the symplectic sections and Fjj = diFj = 
djFj. The black- hole potential (16) can be rewritten (See [3]) as: 

Vbh = \v'lm{Mij)V' - '-V\qi - Mijp') + '-P\qi - Mijp'). (17) 
The variation of (17) w.r.t. gives: 

V' = -i {{ImAfry') iu - -^iJP'), (18) 
which when substituted back into (17), gives (16). From (18), one gets: 

p' = Re{r'), qi = Re{MijV^). (19) 

Extremizing Vbh gives: 

V^P^diIm{Mij) + i{V^diMij - V^diMij)p^ = 0, (20) 

which using (19) yields: 

diIm{V^NijV-^) = 0. (21) 
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Similar to what was done in section 3, one uses the semi-classical approximation and disregards the inte- 
grality of the electric and magnetic charges taking them to be large. 

The inverse problem is not straight forward to define as all sets of charges {p^ , qi) which are related to 
each other by an Sp{2nv + 2, Z)-transformation, correspond to the same point in the moduli space. This is 
because the Vbh) (and diVsH) is (are) symplectic invariants. Further, diVBH = give 2ny real equations 
in 2nv + 2 real variables [p^ , qj). To fix these two problems, one looks at critical values of Vbh in a fixed 
gauge W = w e C. In other words. 



W 



[ ^lAH = qiX^ -p^Fi = X^{qi-Mijp-^)=w, (22) 
Jm 



which using (19), gives: Im{Mij)V^ = w. Thus, the inverse problem boils down to solving: 

p' = Re{V'), qi = Re{MijV^); 

diiV'MijV^) = 0, X'MijV-' = iw. (23) 

One solves for "P^s from the last two equations in (23) and substitutes the result into the first two equations 
of (23). 

We will now solve the last two equations of (23) for (10). As an example, we work with points in the 
moduli space close to one of the two conifold loci: 0^ = 1. Wc need to work out the matrix Fij so that one 
can work out the matrix Nij. As shown in [1] and using its notations, near x = 0, one gets the following 
form of Fij: 



Fij 



I -Bqi I Qi Qx Q2. 

I C3 ^ C3 C3 C3 

Ci Ci C2 

C3 C4 C4 



(24) 



Using (24), one can evaluate X^ Im{Fjj)X'^ - See [1]. One hence obtains: 

M = 

^ aoo + ^'oo ^ + boQxlnx + coo{p - po) oqi + 601^0; + h^'^xlnx + cqi {p - Po) ao2 + b^^x + h^Q^xlnx + co2(p - Po) ^ 

ooi + b^m^ + bly^xlnx + cqi {p - po) an + b^^^x + bf^xlnx + cnip - po) 012 + b^i2^ + 6^2^xZnx + ci2{p - po) 
y ao2 + bQ2X + b^Q2^lnx + cq2{p - Po) ai2 + b^u^ + bf2xlnx + c^ip - po) ^22 + b22X + b22xlnx + C22{p - Po) J 



(25) 



The constants aij,b^^j^'^'^\cim are constrained by relations, e.g., Fj =MijX^ . 
So, substituting (25) into the last two equations of (23), one gets: 



= 0: 



d,{V'MijV') =0^lnx [{Pyb^^ + {r^)%?^ + {V'^fb'i^ + 2pOpi6j? + 2V''V''b'i^ + 2V^VHf} 
dp-p,{V^MLjV^) = ^ (P°)^cS + (P^)2cii + (p2)2c22 + 2V^V^coi + 2P°P%2 + 2r^V^ci2 = 0, (26) 
and X^ Im{Nij)V'^ = —iw implies: 

Ai{aij - aij)V^ + x\Bi^{aij - aij)V^ - ifjAiV''] + x[b^pjAiV^] + xlnx[AibfjV^] + {p- po)[Aicijr''] 
+{p - po)[Ci{aij - aij)V^ - cijAiV^] + xlnx[Bi2aijV^] = -2w 

or 

2 

{x, X, xlnx, xlnx; p — po,p — po)V^ = w. (27) 



7=0 
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Using (27), we eliminate from (26) to get: 



aiiV'^f + PiiV^f + jiV'^V^ = Xi,i = 1,2. (28) 
The equations (28) can be solved and yield four solutions which are: 

r^ = ± J — ^ y(^2Ai -71A2 + VFjVx, r^ = T 



2 ^/2 |^a2 Ai - ai A 



V2 



P° = ± J r- (72 Ai - 71 A2 - Vy\VX, V^=T 

2 V2 ( a2 Ai - ai A2 J ^ ^ 



X 
V2- 



(29) 



where X, Xi and Y are defined in [1] . One can show that one does get ~ X^ as one of the solutions - 
this corresponds to a supersymmetric black hole, and the other solutions correspond to non-supersymmetric 
black holes. 

3.2 "Fake Superpotentials" 

In this subsection, using the results of [4], we show the existence of "fake superpotentials" corresponding to 
black-hole solutions for type II compactification on (10). 

As argued in [4], dS-curved domain wall solutions in gauged supergravity and non-extremal black hole 
solutions in Maxwell-Einstein theory have the same effective action. In the context of domain wall solutions, 
if there exists a W{z\z^) G R : Vdw{= Domain Wall Potential) = -W^ + ^g^WiWdjW, being complex 
scalar fields, then the solution to the second-order equations for domain walls, can also be derived from the 

following first-order flow equations: U' = ±e^7(r)>V; (z*)' = :^g^^ djW, where 7 = ^Jl + 

Now, spherically symmetric, charged, static and asymptotically flat black hole solutions of Einstein- 
Maxwell theory coupled to complex scalar fields have the form: dz'^ = —e^^'^'^^dt^ + e~^^(^) sinhA{cr) 

, where the non-extremality parameter c gets related to the positive cosmological 

constant A > for domain walls. For non-constant scalar fields, only for c = that corresponds to extremal 
black holes, one can write down first-order flow equations in terms of a W{z'^, z^) G R: U' = ±e^W; (z*)' = 
±.2e^ g'^^ djW , and the potential Vbh = VV^ -|- 4g^^ diWdjW can be compared with the J\f = 2 supergravity 
black-hole potential Vbh = + g^^ DiZD^Z by identifying W = \Z\. For non-supersymmetric theories 
or supersymmetric theories where the black-hole constraint equation admits multiple solutions which may 
happen because several Ws may correspond to the same Vbh of which only one choice of W would correspond 
to the true central charge, one hence talks about "fake superpotential" or "fake supersymmetry" - a W : 
diW = would correspond to a stable non-BPS black hole. Defining V = e'^^V{z^,z^),W = e^W{z^,z^), 
one sees that V{x^ = U,z'',z'') = 5^^5aW(x)3bW(x), where giju = 1 and gm = 0. This illustrates the 
fact that one gets the same potential V(x) for all vectors S^W with the same norm. In other words, W 
and W defined via: 9a W = R^{z, z)dB^ correspond to the same V provided: R^gR = g. 

For J\f = 2 supergravity, the black hole potential Vbh = M.Q where Q = (p^, q\) is an Sp{2nv+2, Z)- 
valued vector {ny being the number of vector multiplets) and M G Sp{2nv + 2) is given by: M = 

( ^ ^ J , where A = ReAf{ImAf)-^, B = -ImM - ReM{ImM)-^ReM C = {ImAf)-\ D = -A^ = 



10 



-{ImM~'^Y {ReHf . Define M : M = 1M where M = 



D C 
B A 



,1 = 











The central charge Z = {q\X^ — p^F\), a symplectic invariant is expressed as a symplectic dot 
product of Q and covariantly holomorphic sections: V = e'2(X^,F\) = {L^,M\){Ma = A/as-^^), and 
hence can be written as Z = Q^TV = L^qa — M\p^. Now, the black-hole potential Vbh = Q^MQ (being a 
symplectic invariant) is invariant under: Q SQ, S'^AiS = A1. As 5* is a symplectic matrix, S'^T = TS^^, 
this yields: [S, M] = 0. In other words, if there exists a constant symplectic matrix S : [S, M] = 0, then 
there exists a fake superpotential ^TV whose critical points, if they exist, describe non-supersymmetric 
black holes. 

We now construct an explicit form of S. For concreteness, we work at the point in the moduli space 
for (10): (f)^ = 1 and large ij) near x = and p = po- Given the form of A//j in (26), one sees that: 



M = 



{ImM)~^. Writing S 



A B 
C V 



V, = X and U, V, X are 3x3 matrices constructed from ReM and 
{A, 6,0,1) are 3x3 matrices) and given that S G 5*^(6), implying: 



A'^ 



-I3 
I3 



A B 
C V 




I3 



-I3 




Now, [S, M] = implies: 



AU + BX AV-BU^ 
CU + VX cv - vu"^ 



UA + VC UB + VV 
XA-U^C XB-U^V 



(30) 



(31) 



The system of equations implied in (30) can be satisfied, e.g., by the following choice of A,B,C,T>: 

B = C = 0; V = {A-^ f. (32) 

A. Then (31) would 



To simplify matters further, let us assume that .4 G 0(3) implying that (.4 ^)^ 
imply: 

[A, V] = 0, [A, X] = 0, [A-^, U] = 0, [A, U] = 0. 



(33) 



For points near the conifold locus (/) = u , p = pQ,hy dropping the moduli-dependent terms, one can show: 
{imM-') {ReM)jK = (imM-^) = {ImM^K + {R^^)oi {^^^'') jj (R^^)jK = 0, K = 1, 2. (34) 



This is equivalent to saying that 



S 



( 1 














\ 





-1 




















-1 




















1 




















-1 





I 














-1 / 



(35) 



is an allowed solution. We therefore see that the non-supersymmetric black-hole corresponding to the fake 
superpotential Q^S'^IV, S being given by (35), corresponds to the change of sign of two of the three 
electric and magetic charges as compared to a supersymmetric black hole. The symmetry properties of the 
elements of M and hence M may make it generically possible to find a constant S like the one in (35) for 
two-paramater Calabi-Yau compactifications. 
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4 Conclusion 



In the large volume limit of = 1 type IIB orientifold of a Swiss-Cheese Calabi-Yau, we showed in [1] 
that with the inclusion of non-perturbative a'-corrections that survive the orientifolding alongwith the 
nonperturbative contributions from instantons, it is possible to get a non-supersymmetric dS minimum 
without the inclusion of anti-D3 branes. We generalized the idea in [2] of obtaining a dS minimum (using 
perturbative and non-perturbative corrections to the Kahler potential and instanton corrections to the 
superpotcntial) without the addition of D3-brancs by including the one- and two- loop corrections to the 
Kahler potential and showing that two-loop contributions are subdominant w.r.t. one-loop corrections and 
the one-loop corrections are sub-dominant w.r.t. the perturbative and non-perturbative a' corrections in 
the LF^S* limits. Assuming the NS-NS and RR axions 6", c"'s to lie in the fundamental-domain and to satisfy: 
^ < 1, ^ < 1, one gets a flat direction provided by the NS-NS axions for slow roll inflation to occur 
starting from a saddle point and proceeding to the nearest dS minimum. The "eta problem" gets solved 
at and away from the saddle point locus for some quantized values of a linear combination of the NS-NS 
and RR axions; the slow-roll flat direction is provided by the NS-NS axions. As regards supersymmetric 
and non-supersymmetric black-hole attractors in = 2 type II compactifications on the same Calabi-Yau 
three-fold, we explicitly solve the "inverse problem" of determining the electric and magnetic charges of an 
extremal black hole given the extremum values of the moduli. In the same context, we also show explicitly 
the existence of "fake super potentials" as a consequence of non-unique superpotentials for the same black- 
hole potential corresponding to reversal of signs of some of the electric and magnetic charges. A linear 
combination of the axions gets identified with the inflaton. 
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